Abstract: Agriculture is the back bone of Indian economy; a substantial percent of GDP is still being contributed by agriculture. For the development of agriculture, assured supply of irrigation is needed. Groundwater plays an important role, not only in mitigating the problem of irrigation water for agriculture but also serves as source for domestic and industrial supply of water. As such fluctuations of groundwater table over the different periods of the year plays important role. In this paper, an attempt has been made to model the groundwater table in two agriculturally important districts namely Nadia and Burdwan. Time series data (2005 to 2013) recorded during January, May, August and November each year from a number of sites in each districts are used for study purpose. Various parametric model are used to delineate and model the fluctuations of groundwater tables for these two districts. Multivariate clustering technique using squared Euclidean distance measure and adopting complete linkage method has been used to cluster 50 sites in Burdwan and 19 sites in Nadia district based on their groundwater fluctuations over the seasons. Analysis reveals that in both the districts three groups could be framed out of the 50 and 19 groundwater level measuring sites of Burdwan and Nadia, respectively. Discriminant analysis was also attempted to identify the contribution of different seasons in groundwater fluctuations during the clustering of the sites in each district. The authors are hopeful that the result of the study will help the planners in taking cluster wise action plan for monitoring and maintaining the groundwater table in these two districts.
Introduction
 Till today about 13.7% (2012) (2013) of the Indian GDP is contributed by agriculture sector [1] . Marginal improvement in Indian GDP during 2013-2014, 4.7% from 4.5% in 2012-2013 is also substantial contribution by agriculture and allied sector, which grew at 4.7% compared to their long run average of 3% during 1999-2000 and 2012-2013, mainly attributed to favorable rainfall [2] . For the development of agriculture, assured supply of irrigation is needed. Groundwater plays an important role, not only in mitigating the problem of irrigation water for agriculture, but also serves as source for domestic and industrial supply of water.
A comparison of depth of water level between May, August, November in 2011 and that of 2010 reveals that in general there is decline, rise, respectively, rise of water table within range of 0-2 m [3] . Water requirement for various sector in West Bengal was estimated to be 13.02 Mham for 2011 which is less than supply by 48 percent [4] [4] . The increasing population of these two districts leading them to depend more on groundwater for domestic, agricultural and various other purposes. As such fluctuation of ground water table and its study is important from social, economic and livelihood point of view for these two districts. The authors are hopeful that the result of the study will help the planners in taking cluster wise action plan for monitoring and maintaining the groundwater table in these two districts.
Methodology
Poor or scarcity in site wise availability of consistent data on groundwater is the main problem in time series analysis on such parameters. The present study has been under taken with the help of site wise groundwater level data on seasonal basis (i.e January, May, August and November) available at http://gis2.nic.in/cgwb/Gemsdata.aspx for the period 2005 to 2013 in two districts viz. Nadia and Burdwan of West Bengal.
Descriptive statistics which includes numerical and graphical statistical measure like minimum, maximum, average, standard error, skewness, kurtosis, simple growth rate are useful to describe the patterns and general behavior of a data set were used in this study. Various parametric model are used to delineate and model the fluctuations of groundwater tables for these two districts. Multivariate clustering technique using squared Euclidean distance measure and adopting complete linkage method has been used to cluster 50 sites in Burdwan and 19 sites in Nadia district based on their groundwater fluctuations over the seasons.
To get an idea about the overall movement of the time series data, trend equations are fitted. i.e., from single element cluster to group of elements as cluster. Tree clustering method uses the dissimilarities or distances between objects in the process of forming the clusters. In the present study, complete linkage is used for computing the distance between clusters and it works on the principle of distant neighbour or dissimilarities-farthest neighbour. The maximum distance between elements of each clusters is given by:
Euclidean distance between two data points involves computing the square root of the sum of the squares of the differences between corresponding values. X and Y are two elements measured for i = (1, 2, …, n) characters, then Euclidean distance between X and Y is given as:
In the present study, Squared Euclidean distance is used between sites involves computing the sum of the squares of the differences between corresponding values, which gives progressively greater weightage to objects which are far apart from each other. Squared Euclidean distance is frequently used in optimization problems where distances are only compared. The formula for this distance between sites X and Y measured for i = (1, 2, …, n) characters is given by: 
Results and Discussion
Descriptive analysis showed that the mean value in August month for Burdwan and Nadia districts is 3.59
Analyzing the trend and clustering of groundwater measuring sites in Nadia and (Table 1) . While in case of Nadia more variation was found in the month of August. Skewness is positive in all the months in both the districts except August month for Nadia, it showed negative skewness which might experienced a high changes in the later part of period under study. Similarly, all kurtic values were found to be positive except for the months of August and November at Nadia, which exhibited the negative kurtic values which might have experienced a steady changes. The negative growth rate in case of Burdwan for all the months expect for January may be due to implementation of ground water recycling/recharging programs like constructions of water cannels, rain water harvesting techniques, improved irrigation methods in recent years and also may be due to comparatively high rainfall by 9% in 2013 as that of average of period 2005-2012 [6] , under study. But in case of Nadia district, the growth rate is positive for all the months, which clearly reflects that either withdrawal of groundwater is increasing year to year and recharging of groundwater is getting worse year to year or both.
The result of regression with dummy variable is framed in Table 2 . The results indicate that in both districts ground water level improved significantly in the month of August and November. But in case of May month coefficient is positive which signifies that groundwater level is depleting in May month year to year.
Complete linkage clustering is carried out to identify and to group the sites. Three Clusters were obtained in both Burdwan and Nadia districts and are shown in the Table 3 and Table 4 , respectively, and their respective dendrograms are given in Figs.1 and 2 , respectively. Comparatively more similarity was observed between the cluster 1 and cluster 2 with a least distance of 7.528 in case of Burdwan and it is between clusters 2 and 3 in Nadia with a distance of 2.564 (Table 5) .
For the three different clusters formed in both the district, one way ANOVA was carried out to verify the hypothesis that various clusters were exhibiting different season wise groundwater levels and results are presented in Table 6 . Table 6 indicates that in both (1) Baganchra (5) Katwa Ghat (9) Debagram Pz (14) Bahadurpur (2) Bhajan Ghat (6) Nabadwip town (10) Dignagar (15) Banpur Pz (3) Karimpur (7) Nokari (11) Gajna (16) Narayanpur (4) Karuigachhi (8) Pairadanga (12) Mayapur (17) Uttar Kechuadanga (13) Nabadwip Ghat (18) Palassey (19)   33  36  31  25  35  18  45  13  47  20  48  29  19  7  39  34  12  46  11  23  10  17  24  15  30  27  9  42  8  26  43  41  44  37  50  40  16  38  28  32  5  4  14  21  3  2  49  22 the districts, clusters formed are significantly different in all the seasons under study, which once again proves the correctness of classification.
In case of Burdwan, in all the months, sites falling in cluster-1 is having significantly high groundwater level as compared to other sites falling in other two remaining clusters. Also cluster-2 is significantly superior than cluseter-3. Similar results is also observed in case of Nadia district. Sites falling in cluster-3 are having superiorly high groundwater level in all the months than the remaining two clusters (Table 7) .
Fisher's discriminant analysis helps us in assessing cluster-1 with cluster-3 (63.58, Table 8 ), followed by cluster-1 and cluster-2. It is found that none of the season's groundwater level could uniformly be taken as the best one in all groups' discrimination. GWL (ground water level) of December plays most contributing factor in discriminating cluster-1 with cluster-2 as well cluster-3. Whereas GWL of August month in cluster-2 versus cluster-3. In case of Nadia District, GWL in August month can be taken as the best month for group discrimination followed by January. Maximum value of D 2 is obtained in discriminating cluster-1 with cluster-3.
Conclusions
From the above study, it is clear that ground water 
